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Abstract of JP1 1248778 

PROBLEM TO BE SOLVED: To inspect printed boards 
having several 10 &mu m minute pads, simplify an apparatus 
and permit high-speed and correct inspection. 
SOLUTION: Electromagnetic waves 14 are irradiated to a 
pad 13 connected to a wiring pattern 12 to be inspected. 
Electrons generated from a surface of the pad 13 because of 
a photoelectric effect are induced to a GND plane 15 by a 
capacity formed between the wiring pattern 12 and the GND 
plane 15. A metallic probe 17 is brought in touch with a GND 
pad 16. A current running from the GND plane 15 is 
measured by an ammeter 18. 
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CLAIMS 
(57) [Claim(s)] 

[Claim 1] The inspection method of a printed circuit board of detecting an 
open circuit of a circuit pattern, and a poor short circuit by measuring change 
of the current value which flows to the GND plane which exists in the interior 
of the aforementioned printed circuit board by the electron which irradiated 
the electromagnetic wave at the pad which leads to each circuit pattern formed 
in the printed circuit board, and was generated by the photoelectric effect in 
this pad. 

[Claim 2] Test equipment of a printed circuit board characterized by providing 
the following An electromagnetic wave irradiation means to irradiate an 
electromagnetic wave at the pad which leads to the circuit pattern which a 
printed circuit board inspects The metal probe contacted by the GND pad 
connected with the GND plane which exists in the interior of the 
aforementioned printed circuit board The ammeter which measures the current 
value which flows from the aforementioned GND pad to which the 
aforementioned metal probe was contacted A defective judging means to 
compare change of the current value measured with the aforementioned 
ammeter by the case of an excellent article printed circuit board, and the case 
of an inspected printed circuit board, and to judge an open circuit of the circuit 
pattern of this inspected printed circuit board, and a poor short circuit 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the 
inspection method of a printed circuit board and test equipment which inspect 
the open circuit of the circuit pattern of a printed circuit board which has a 
minute pad especially, and a short circuit about the inspection method of a 
printed circuit board. 
[0002] 

[Description of the Prior Art] An open circuit and a short circuit may occur 
during manufacture of a printed circuit board, or its handling at the conductor 
pattern of a printed circuit board front face or a inner layer, such [ for a 
manufacturer ] a defect --**-- it is required to cope with it economically [ it 
is early and ] exact moreover Therefore, the inspection method of a printed 
circuit board has so far been considered variously. 

[0003] Then, the inspection method of the conventional printed circuit board 
is explained with reference to drawing 4 and drawing 5 . For example, by the 
inspection method shown by drawing 4 , the open circuit of a circuit pattern 
12 and the poor short circuit are inspected by contacting the metal probe 17 to 
all the pads 13 that lead to the circuit pattern 12 currently formed in the 
printed circuit board 1 1, respectively, and measuring the flow between each 
probe 17 electrically. 

[0004] Moreover, the inspection method of a printed circuit board of having 
used the photoelectric effect is proposed. By this technique, an 
electromagnetic wave is irradiated at the pad of each wiring, and the open 
circuit of a circuit pattern and the poor short circuit are inspected by catching 
and measuring with a collector the electron emitted by the photoelectric effect. 



[0005] Furthermore, the another substrate inspection method of having used 
the photoelectric effect is indicated by JP,8-278342,A. By this method, as 
shown in dr aw ing 5 , positioning fixation of the printed circuit board 101 
made into a subject of examination is carried out through the predetermined 
inferior-surface-of-tongue side space 103 on the grounding datum level 102. 
Thus, to the printed circuit board 101 by which positioning fixation was 
carried out, the predetermined upper surface side space 104 is separated from 
the upper part, and opposite arrangement of the charge detection sensor 105 
and the electromagnetic wave generating means 106 is carried out. As for the 
printed circuit board 101 and the unit (an "inspection unit" is called hereafter) 
107 which consists of a charge detection sensor 105 and an electromagnetic 
wave generating means 106, relative displacement in the state where upper 
surface side space was kept constant has become possible. Making the 
inspection unit 107 displaced relatively to the whole surface of a printed 
circuit board 101, in order to inspect a printed circuit board 101, an 
electromagnetic wave is emitted from the electromagnetic wave generating 
means 106 of the inspection unit 107 to a printed circuit board 101, and a 
sensor 105 detects the charge which occurs in circuit pattern 101a of a printed 
circuit board 101. And defects, such as an open circuit of the circuit pattern of 
a printed circuit board 101 and a short circuit, are detected by comparing the 
current change distribution obtained by the continuation detection from the 
sensor 105 at the time of such a complete scan with the known current change 
distribution which scanned the excellent article printed circuit board 
completely beforehand, and obtained it. In addition, detection of the current 
produced in the circuit pattern by the sensor 105 is equivalent to detecting the 
current which flows in the capacity which combines spatially between circuit 
pattern 101a, a sensor 105, and the electromagnetic wave generating meanses 
106. 
[0006] 

[Problem(s) to be Solved by the Invention] however, there have been the 
following troubles in technology since [ which was mentioned above ] each ** 

[0007] There is a trouble that it is difficult for a minute pad to contact a metal 
probe, and the inspection itself cannot be carried out to the 1st depending on a 
printed circuit board. The reason is that it separates from it from a pad by the 
densification of a printed circuit board in about 100 micrometers of diameter 
numbers of metal probes which secured the intensity by contact since the size 



of the pad for signal I/O is minute, about several 10 micrometers and. 
[0008] There is a trouble that instrumentation becomes complicated, by the 
conventional inspection method of measuring with a collector the electron 
emitted to the 2nd by the above-mentioned photoelectric effect. The reason is 
that it is necessary to inspect in a vacuum in order to measure with a collector 
the electron emitted by the photoelectric effect. 

[0009] By the inspection method given in JP,8-278342,A, the upper surface of 
a printed circuit board and an inferior surface of tongue, when inspecting all 
circuit patterns, such as a inner layer, further, in order to make possible the 
electromagnetic interaction of all the circuit patterns of a printed circuit board, 
I hear that it is necessary to establish a predetermined spatial distance, and it is 
[ 3rd ] in an upper surface [ of a printed circuit board ], and inferior-surface- 
of-tongue side. Moreover, in case two or more same printed circuit boards are 
scanned completely, respectively and are inspected, unless the upper surface 
side space separated to each of the printed circuit board to inspect and 
inferior-surface-of-tongue side space are always fixed respectively, poor 
detection cannot be performed with a sufficient precision. However, even if it 
is the inner layer portion with same same printed circuit board or same printed 
circuit board, and dispersion surely positions [ for every substrate ] a printed 
circuit board through inferior-surface-of-tongue side space on grounding 
datum level in thickness for a certain reason, spatial distance between an 
inspection unit and a printed circuit board front face cannot be kept constant 
for every printed circuit board. So, the capacity which combines spatially the 
front face of a printed circuit board, the circuit pattern of a inner layer, and a 
sensor and an electromagnetic wave generating means changes for every 
printed circuit board, and the trouble that poor detection cannot be performed 
with a sufficient precision arises. Furthermore, in order to make an inspection 
unit displaced relatively to the whole surface of a printed circuit board and to 
inspect, there is also a trouble that the inspection processing time is late. 
[0010] The purpose of this invention is to offer the inspection method of the 
printed circuit board which enables inspection of a high-density printed circuit 
board which has a minute pad. 

[001 1] Other purposes of this invention are by enabling inspection in the 
atmosphere to offer the inspection method of a printed circuit board that it can 
instrumentate simply. 

[0012] The further purpose of this invention is to offer the inspection method 
of the printed circuit board which can measure at high speed and with high 
precision. 



[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned 
purpose, in the inspection method of a printed circuit board and test 
equipment by this invention, an electromagnetic wave is irradiated at the pad 
of each circuit pattern formed in the printed circuit board, and the current 
value which flows on the external metal plate which flows or contacted the 
exterior of a printed circuit board to the GND plane which exists in the 
interior of a printed circuit board by the electron generated by the 
photoelectric effect in this pad is measured. And change of the current value 
measured with the ammeter is compared by the case of an excellent article 
printed circuit board, and the case of an inspected printed circuit board, and an 
open circuit of the circuit pattern of this inspected printed circuit board and a 
poor short circuit are judged. 
[0014] 

[0015] According to invention as above-mentioned, since an electromagnetic 
wave is irradiated and is inspected to a pad, it is possible to inspect it with 
about several 10 micrometers, by the densification of a printed circuit board, 
even if the size of for example, the pad for signal I/O is minute. Moreover, 
since the current value which flows on the external metal plate contacted to 
the GND plane or printed circuit board which exists in the interior of a printed 
circuit board from the outside is measured directly with the metal probe, 
inspection in the atmosphere is attained and equipment can simplify. 
[0016] Furthermore, a circuit pattern, an electromagnetic wave generating 
means, and a sensor like the conventional example given in JP,8-278342,A, 
separating a predetermined spatial distance and being displaced relatively The 
current change according to the difference in a local capacity between the 
circuit pattern at that time, an electromagnetic wave generating means, and a 
sensor is not measured. The GND plane which exists in the whole circuit 
pattern of a printed circuit board, and a substrate in this invention, Or when an 
electromagnetic wave is irradiated at the pad which leads to a circuit pattern 
based on the capacity formed by the external metal plate contacted to the 
substrate exterior changing with open circuits and short circuits of a circuit 
partem, the current value which flows on a GND plane or an external metal 
plate is measured, therefore, there is nothing for which the accuracy of 
measurement is shaken at spatial distance with a circuit pattern, an 
electromagnetic wave generating means, and a sensor like the conventional 
technology, and exact inspection can be conducted Moreover, in this 
invention, since it can inspect only by irradiating an electromagnetic wave to a 



pad, without making an electromagnetic wave generating means and a printed 
circuit board displaced relatively, compared with the conventional example, 
inspection is accelerable. 
[0017] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this 
invention is explained with reference to a drawing. 

[0018] (Gestalt of the 1st operation) The inspection schematic diagram of the 
gestalt of operation of the 1st of the printed circuit board inspection method 
by this invention is shown in drawing 1 . An electromagnetic wave irradiation 
means to irradiate an electromagnetic wave 14 at the pad 13 which leads to the 
circuit pattern 12 to which a printed circuit board 1 1 inspects the test 
equipment of the gestalt shown in this drawing (un-illustrating), The metal 
probe 17 contacted to the GND pad 16 connected with the GND plane 15 
which exists in the interior of a printed circuit board 1 1, The ammeter 18 
which measures the current which flows from the GND pad 16 to which the 
metal probe 17 was contacted, Change of the current measured with the 
ammeter 1 8 is compared by the case of an excellent article printed circuit 
board, and the case of an inspected printed circuit board, and it has a defective 
judging means (un-illustrating) to judge an open circuit of the circuit pattern 
of this inspected printed circuit board, and a poor short circuit. 
[0019] A circuit pattern 12 is the quality of the material Cu. The quality of the 
material of the front face of a pad 13 is usually Cu or Au. In order to make the 
front face of a pad 13 cause the photoelectric effect, when the quality of the 
material of the front face of a pad 13 is Cu and the wavelength of an 
electromagnetic wave 14 is 275nm or less and Au, a thing 258nm or less is 
used. The metal probe 17 is the quality of the material W. An ammeter 18 
uses a measurable thing for the minute current about sub pA. Moreover, the 
printed circuit board which has a minute pad like a multi chip module (MCM) 
as a printed circuit board 1 1 to inspect can be considered. Since this printed 
circuit board usually has inside the substrate the GND plane which is the plate 
of the quality of the material Cu of the same size mostly with a printed circuit 
board and the size of a GND pad has the size of about several 100 
micrometers, it is possible to contact about 100 micrometers of diameter 
numbers of metal probes which secured the intensity by contact. 
[0020] Next, the printed circuit board inspection method of the gestalt this 
operation is explained. 

[0021] If an electromagnetic wave 14 is made to irradiate a pad 13 as shown 
in drawing 1 , in the photoelectric effect and accuracy by which light is 



absorbed by the metals Cu or Au of pad 13 front face, and induction of the 
electron is carried out to them from a valence band to a conductor, an electron 
will occur according to the external photoelectric effect. The generated 
electron is uniformly distributed over the circuit pattern 12 of the quality of 
the material Cu, and induction of the electron is carried out to the GND plane 
15 by the capacity of about several pF currently formed by the GND plane 15 
and circuit pattern 12 of the quality of the material Cu. And the metal probe 
17 of the quality of the material W is contacted to the GND pad 16 connected 
with the GND plane 15, and the current value is measured with an ammeter 
1 8. The relation of the current value I to the time t which irradiated the 
electromagnetic wave 14 at this time at the pad 13 is shown in drawing 2 . 
When an open circuit of the circuit pattern to inspect is poor, since the 
capacity formed by the circuit pattern 12 and the GND plane 15 becomes 
small compared with the case of an excellent article printed circuit board, it 
becomes to the excellent article profile 21 like the open-circuit poor profile 22 
whose standup of current value is an early property. Moreover, since it 
becomes large compared with the case where the same capacity is an excellent 
article printed circuit board when the short circuit of a circuit pattern is poor, 
it becomes to the excellent article profile 21 like the short circuit poor profile 
23 which is the late property of the standup of current value. Therefore, an 
open circuit of a circuit pattern and a poor short circuit can be inspected by 
comparing an excellent article profile with the measured profile. 
[0022] (Gestalt of the 2nd operation) The inspection schematic diagram of the 
gestalt of operation of the 2nd of the printed circuit board inspection method 
by this invention is shown in drawing 3 . An electromagnetic wave irradiation 
means to irradiate an electromagnetic wave 14 at the pad 13 which leads to the 
circuit pattern 12 to which a printed circuit board 1 1 inspects the test 
equipment shown in this drawing (un-illustrating), The external metal plate 3 1 
contacted on the field which irradiates the electromagnetic wave 14 of a 
printed circuit board 11, and the opposite side, The metal probe 17 contacted 
on the external metal plate 31, and the ammeter 18 which measures the current 
which flows from the external metal plate 3 1 on which the metal probe 17 was 
contacted, Change of the current measured with the ammeter 18 is compared 
by the case of an excellent article printed circuit board, and the case of an 
inspected printed circuit board, and it has a defective judging means (un- 
illustrating) to judge an open circuit of the circuit pattern of this inspected 
printed circuit board, and a poor short circuit. 
[0023] 



[0024] Next, the printed circuit board inspection method of the gestalt this 
operation is explained. 

[0025] If an electromagnetic wave 14 is made to irradiate a pad 13 as shown 
in drawing 3 , since a pad 13 is a metal, an electron will generate it from pad 
13 front face by the photoelectric effect. Like the gestalt of the 1st operation, 
in order to make the photoelectric effect cause, the wavelength of an 
electromagnetic wave 14 is specified according to the quality of the material 
of a pad 13. The generated electron is uniformly distributed over a circuit 
pattern 12, and induction of the electron is carried out to the GND plane 15 by 
the capacity currently formed by the GND plane 15 and the circuit pattern 12. 
Furthermore, induction of the electron is carried out to the external metal plate 
3 1 by the capacity between the external metal plate 3 1 and the GND plane 15. 
And the 1st metal probe 17 is contacted on the external metal plate 31, and the 
current value is measured with an ammeter 18. The measurement profile 
which shows by this change of the current value I to the time t which 
irradiated the electromagnetic wave 14 at the pad 13 is obtained. And an open 
circuit of a circuit pattern and a poor short circuit can be inspected by 
comparing a measurement profile with the excellent article profile which 
obtained the excellent article printed circuit board by measuring beforehand 
like the 1st operation gestalt. 
[0026] 
[0027] 

[Effect of the Invention] According to invention as explained above, the 
following effects are done so. 

[0028] The printed circuit board which has several 10-micrometer minute pad 
in the 1st can be inspected. The reason is because it can inspect by measuring 
current value in case the electron which irradiated the electromagnetic wave at 
the minute pad and was generated by the photoelectric effect flows. 
[0029] To the 2nd, inspection in the atmosphere is enabled and equipment can 
be simplified. The reason is because the current value which flows on the 
external metal plate contacted to the GND plane or printed circuit board which 
exists in the interior of a printed circuit board from the outside is measured 
directly with the metal probe. 

[0030] Compared with the conventional technology of JP,8-278342,A, it can 
measure [ 3rd ] with high precision. The reason is that the accuracy of 
measurement is not shaken like before by the spatial distance between an 
electromagnetic wave generating means and the circuit pattern of a printed 
circuit board since, as for this invention, the capacity between the circuit 



patterns of the metal plate which exists in the interior of a printed circuit board 
or the metal plate contacted on the electromagnetic wave irradiation side and 
the opposite side of a printed circuit board, and a printed circuit board uses 
differing in the state of a circuit pattern. 

[003 1] The inspection processing time can be shortened [ 4th ] compared with 
the conventional technology of JP,8-278342,A. The reason is that it can 
inspect only by irradiating an electromagnetic wave to the pad connected with 
the circuit pattern to inspect. 



[Translation done.] 
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